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PROBLEM TO BE SOLVED: To provide a system capable of 
controlling an autonomous walking support rhythm while 
following up a change in a walking rhythm of a walker. 
SOLUTION: In a control system 100, a first vibrator (x) to be 
mutually pulled in with a walking vibrator (coxal angular 
velocity) \|/H' is generated while being reflected with an 
intrinsic angular velocity. Besides, a new intrinsic angular 
velocity comg is determined based upon the deviation of a 
first phase difference OHM between the first vibrator (x) and 
the walking vibrator \(/H' from an optimal phase difference 0d. 
Further, a second vibrator (y) to be mutually pulled in with 
the walking vibrator v(/H while being reflected with the 
intrinsic angular velocity com and having a second phase 
difference Ohm closer to the optimal phase difference Od 
rather than the first phase difference OHM with respect to 
the walking vibrator \|/H'is generated. Then, a walking support 
vibrator (application torque to the walker by a walking aid 
200) T is generated based upon the second vibrator (y) and 
the walking vibrator (coxal angular velocity) v|/H. 
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>r>iT% p^ , p_ itrn'mm^^m-To 

[0112] 

2 1 0 tC^R^tL«#&$tL. h^U^'TL ^ Tr t^T^^JLj:.- ^ 2 1 OKX^m'r^ 
iZU-^^^^ (llI2^En^9V#BS.) o 
[0 113] 

JiA^^. ±ie^ffi ([1!2 s 1 ~s 9) >{)^'^l9iS?tt-g,i Mf#{i^tf1«l&^S 2 0 0 

J: ^ *tf« ^# o T #^T-r -5. o 
[0114] 

[0115] 

„ ' tms.K-^\^^.^^^mimm'rxi}^±m^ii^ (1112 s 2) o mimm^rxu r 

[0116] 

m t . n 1 Mife^ X mmttin Mf^ (Mf mki^-) 95 „ ' ct) ij x a ( - >j x a ) 

[0117] 

it^) (1112 s 6. l-s6. 3) o tfz. ^ com^MMJ^a, 

^„ „ ct 19 , t^iav^ii2^£+a^^ ^ „ '^mfmm'r\^nLx^-ti>m2 

mm'?-yTb^^m.^ii:h (02 s 7) o 
[0 118] 

(la) (lb) #M) 5&-'llf7t'i@^:^3SSce;„ {iffliE?*t/i±-C\ 

(±^ (7 a) (7 b) mm o 

[0 119] 

>r ^ L-C^BK?^l;t^2Mi|j^^y</)'JXA{i#^T'JXA (~#tf4gl&^ ^5 « <7>UXA) 

^2MKj^y mnnmmm^) T;6>'?^^?tttL«\ ^tfuxAt^ 

[0120] 

^^x (3) fi2Mitii^y5io*isMai5^)t (Mfiiiiji^) ^5 k rtt^^^^T^ 
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['lifeo-rW^^T- i (T^tts.tJ (nmum'f) z . ib^^^^n (11238) . ^<7>_h-e 
#tti.t7Zi (mrmmmm^) Tiy^ftm^^n^ (111239) « ^n^x 

[0121] 

#oT. tLtf (1) ^tf^^#^f'JXA (~^tT*gS}??-95„ ' O'JXZn) (D 

mt^^'^'^L^£^'hi^. (2) i<7)^tf ';XAi:ftill2:^B^^, ^*i--g,cl: ^ 'ig^'I* 
ir^ib. -S-O, (3) *tT#«OMTt^at^tSC7tnjt>i^^fffi®5&^'*m^tt-i> J: ^ J&^^f 

[0122] 

tT';XA4>c:<7:)^tTliffl)UXA^-SlfD-r^i:V^o/cJ:ot'^ff^ (A#:) tMf^SfJ^S 

mm 200 (ffl£<75^<i^^ 19 ) ^igi9^i-2>o ii£oT. #^f#t^^^fi«i&^M 

tf?i®^^mT?§^o #^T'JXA;/:)-'i',j|itC'^ifjLT<b^ #tflil?J'JXA7!)^'iti(^^ 

[0123] 

^ fz . #tf ') X A t #tTlil?] 'J X A t <^j5:ffi^/6^'^tf ^o^tf tfcS (0 2 ^ep^ 4 ▼#H9 

[0124] 

? h i-^siSiiffl^ 6? d ^km. ? ^ <t -e- (m 2 s 5 #00) . #tT '} X A i #tf M 

ti3^'mmf)z'^m 00) Xfi^ltitiiSv^^Affiil^^ L. ^tf^(±#tfliS!J^g2 

0 0 ^^#-r^fl^-e#tfL^^;& (Mt^^^M^dMt) o 

? tL;i> C t -c- ( H 2 s 5 #BS) > U X A t ^nm^ ') X A i: Ti'^ISv^^fiS (< 0 
) Z{i^tLi;i5v>i2:+|m^;tL. #ff^a^ff«^S2 0 0 r-^^?*L;g,f^^-:^^f L# 
^ (#tfttS*J^S^^M(?5#tf) o 
[0 12 5] 

^ flfico ^ H H )S C T ? tt# o 
[0126] 

^v^T. $ijfPv;^-rA 1 0 Oil J; 'QSiJ|ip?ti^.^^fMiiJ^fi2 0 0 <DmmmT^^<D^^ 

(Cov»TI2l4 -1219 ^-ffl'v^Tl^B^-r^o 
[0 12 7] 

a 4 . [SB. m 6 (1 tiSilfiffl^ 5, :^~^0. 0 [rad] ^ - 0. 2 [rad] > - 0 

. 5 [rad] K^i^^ nfzm^-. mmmnMm. {mfmm^) 4k ' th)v^ 

[0128] 

[a 4 - 111 6 ? ^> J; ^ i>z^^7^s^mhf^M to 2^^' ^ M < itrnm^^'itmo^ 

[0 12 9] 

(117. His l3ti#=ffJlWT„ (*^) t^^TMMMTM («) <t<75^^k;&^'^^*L 
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tLtCii^J£LT:R < J^^gjo faL> #ffltffijiiMTM 7ti^^tfiSMT„ K^-^K^^'^-T :t <D 
[0 13 0] 

CtLy5^^i^§g^)6^'S: J; ^ {z^ MtPvX^A 1 0 OtcJ:tLf±\ -^fr') X i^ij^'^x^tzt 

[0131] 

[0 13 2] 

m9\z\t-^<DmK^iiy) (-11 kg) ^#L. 1 0 0 j:;2>#tfMB&^ 

a 2 0 0 (rymwimmm^ 0 n/o f f ? _b.o, 1 3 x-mi^^^u ^-y^tz 

co^tc J: 19 g?tL;s,o Wl-rnm±^^'7 :>( - ^ Ait. M:^<?5P75^|Wi#co*M«eT*Kn/^T>/^ 

Kit 0 ^t-^o 
[0133] 

13 9 /a^f>fp3 ^75^4- .t^ ^c^ljfpv ;^-r A 1 0 0 ct >S,^tTlfS[)^S2 0 0 <7)$iJtP7!?^0 N ^ 
oTv^;^, i: I; {±MT^:fW4/^"9 ^ - A (±. ^|t$iJfP;6^"0 F F (-1 4* o Tv^S <t ^ J; 4i ^ 

[0 13 4] 

^5i)^^±^(la) (lb) (7 a) ( 7 b ) <^-7 r > • t^^p • *iTv>;g, 

^ms.K^\ ^^^^o ^-'h-^^$^^o "f^-^x. mmw^%^g<^mmKj:^^ h-m<^^K ( 

[0 13 5] 
[0136] 

s+Mrastj. ^ia(r)W+i%+j^m'B) u^<TyY)\^i^i)mH-'5^i^x^^\^^o n^\^is.-:)^<r>m 
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fl«ti)^-t-r ;wict^.oT. ^mmm^ (dU^ h)i^^^^^^ ^fiXiiJ;:'^^o 

[0137] 

m'm. ? fii>^^rmm'f-i}^^ <^^iib\ yyy ' t-^;w • *° ;v:^fi5^#c/)^ i z/m 2 mm 
=^x. y <7)£feg)c iz^^himfm'i^M^^ (I Si) (lb) (7a) (7b) #H8) 

WSlgKl^(3D^fii(:ic#;i,^^|f.BISi^^fMjt (±^ (8 a) ~ (8 f ) #hs) 4^c7)ffira 

[0138] 

^*MBB-e{i^ 1 Mi&^x;5lO^^|2«tJ;^y>^^'5t (1 a) (Ib) (7a) (7b) 

T4> J: v^o 
[0 13 9] 

S 95 H ' ^^^l^ ? \Ltzt^ m 2 ^ePA 1 ▼- 1 . A 1 ▼ - 4 #BS) . ftc^^^Wi^t L 
T» l &0^~»2Mljj^x. y<^:iB!cJ-l#-& r#^f«»J^J hX^XWrnmH^i^ ^> ii$ 

l§^^^> ^tf 'J X A t liRc t Tt: X A -e^ijj-r -i>a^ (^/^° 9 - ^ 'bm\'m.'^ fix »b 

J: v^o 
[0140] 

mz> [^hmm^} t Lxmmm^iMmi> ' ^> sifnii. jurats, mmm. ummco 

[0141] 

WIPIH 19 (?:) h )Wi5' T7!)^^B)c$; tl7^:7()^~ (IM2 s 8 #85.) , j&comMf^Mt LX T^^Tit 
[0142] 

^^MMf^Mxit-^nuW]"?-^^ y h 1 0 0 (ij: ^) fi^^i-mm^^^&^^^^xmi-^ 

M-^m^^ tifc-^\ j&(r)^mMMt LX. ^m^-^^ ^ ~ ^mm^^y h (IE1^iii&) HJ: ^) 
fz±x\ ^^-ri-^WMa^'-y h i 4 0 l^i 19 -^cD/N°i5^->irS<5'v^T r 

[0143] 

^^mmmxit [mrmm^ tLx r-h^^tmi^j . r^MMfWj m^^^^f 

V h 1 5 0 liJ: i9*:^&<JlcMf5i^'ii-e^tLff- (^Jx.Jf-0. 2 [ r a d ] J^JJlT) > 
#fT7:)^'^t^75^-C*tL«~+ (Wx-ff+O. 5 [rad] iiJl±) i:'^2>«t:^ icSiS-fii+a^^, 

[0 14 4] 

i!j^S2 0 o*^^L> Mmt^itmm±^^^ ximnmmmm.2 o otc^^ 
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[0145] 

[0 14 6] 

# <??+ira^^g (±st (1 a) (lb) (7a) (7b) #M 

[0147] 

[0148] 

? hK:^mM<r>mm'y ^-r^ i o oojtuo^iiff^i^t lt. ^tmi^usj-^ ^ h 1 4 o 
^£mwi<^nmm^ i . j ([2I2#bs) M<3Dtafii#^Wi / . (±^ (sa) ~ (sd) 

[0 14 9] 
[0150] 

^) ^Tl ^ ^ - tIiJ^o. ^ h j 9 ^ - rlij ^a- =~ -y Ml J: ^l 

'fSltg^ffc^-:!-- h 1 5 0 J: o -C*iS'f£+i^ ^ d 3^?^^^5c ? *fC J: v>o 
[0151] 

[0152] 

^jL- :y hj J: i9i^6<jic^a^Ji;|:^;ig-Tr{i0 . _h#^S:|:^l-e(i- 5 
[rad] y>T) . T^^a:KS-e{i+ m^i^+O. 3 [rad] JiJl±) tti^X^K 

[0153] 
[0 15 4] 

tfc. ^^m(^mm^y ^-r^ l O 0<7)jt<7)*jSBigt lt. #tf^:feilfiJ^^-=- h 1 4 0 

mm^£m^<D^^m) <Dmmm^ g (±^ da) (ib) (7a) (7b) #m) 
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[0 1 5 5 1 

Kxy)m^^^i>^m^^y ^km-^^ ^(7ymf^<r) r^^at^i^j ^m^-ti> [^.m^ 
mn^^^y hj t. ^m^tmm&^^y vkx y)m^^ntz r^aRHj i^tSD^i:^ 

^(la) (1 b) ##HS) ^S^»5-r-g. r^l+iMMj.^>7 hj t^m^r^^XiiX^^ 

o 

[0156] 
[0157] 

j (til2#,BS) M<7)ffif||#|^Wi / i (8 a) - (8d) #89) 

[0158] 

<T> m ) ^ fllj ^ r^feJl/ ^ ;^ - ^ ffllj ~ V/ V\ iiS ^ ^ - ^ ?|IJ fe^ \~ 

i^ct ^)?IiJ^?;jLS^ka/N°9^-:?l-:^^-# i(r)#tf^(7) r^Jit^ilJ ^^iJ^-r-2> TMtf; 

i / i (±Tt (8 a) ~ (8d) #88) ^pti5-r-2. [m2^mmw^^y hj ^m^x 

[0 15 9] 
[0160] 

<tv»^ gpt,, t-Ti^^^'-y h 1 6 0 S 0^112 Siij^^^j-::-^ ^ 1 7 0 co^gg75i^'-^'|^ 

^A.2w^^hA.7w^(Dmmm7) . ni^mw)'i-zRzfh)i^^Tt^k'^-^ii^ (122 s 8 
> s 9) o ^i/>T. msmmik&^-y h m^m) kx^). mmm^Mm. (MtM 

:6^f^^?*l*o C<7)±-C\ -y h 1 6 0R<fm2mm^^^^^y h 1 7 ocoati 

T&^iam^tL, *|frco*Mii:ffl^d? a (la 2 ^eri^5V#HB) ii^-^-g;^2MKi^y>^>^'^ 
B!c?tL;& (1112 s 6. 1 - s 6. 3> s 7 #BS) o ttz^ ^ 2 «»J^ y (gl 2 ^EPifc. 7 ▼ 
#BS) t-£^'§:#0Mi|jd^zSa'>;i-i5'T7&s^B!S?tL^ ([a2s8> s 9#M) o 
[0161] 

mm^mMMKXfli:^. ^'^a.^.y h 1 6 0 R^f^ 2 mm^?-^^^^ y h 1 7 0 <7)m^>?)>' 
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[0162] 

[1114] :^mM'Dmmiy7.-rM.<D-mmmKx:b^nm&]^m(DMmm (^<^i) 
[me] %mn<r>mni^7.y-u(Ty-%m'>'%x^i^w<i^'^mw.<^mmm (^<?:)3) 

[0 7] *l&0^<7)MfPxXxA(75-slMS.l(i j:<g,#tf?iS&^B^(^m0.^El (-e<0 4) 
[ms] 3|s:|§B^<;oMfPv:^-r A<7)"*ifeSilici;i>#tfMI&1tt^c7)|5iB^[ll (^(75 5) 
[1219] :^i:|&?§coMiflv->^xA<7)-^ifiBi^(^J:^^=ff1tlfi^ftg<7)ii^|g (>?-co6) 

[t^-^coij^B^] 

» 1 {tm^M"^^^ y 14 0- -^tT^icSi+ijTE^^ h . 150 •■MMi^mm^<m^^ 

yh. 1 6 0 •-f^i^a.^r- y I & 2 ■■m2mmik'^^^y 1 6 4 ■■wMmm-m'^ 

1 6 6 --S^ 1 1 6 8 --1^2 ^litJ^y^TE^-^y 170 

• • ^ 2 Mfii^^^^-r- v h , 18 0 •■nmmm'r^m.^^ --^ 1 9 o • ■MT»mi!j^ 

±^a.^yh^ 1 9 2 •• h 2 0 0 •-:^tf1ffi6!j^*> 2 10--Ti^^^ 

j^- ^ . 2 2 0 --Mi^-ty^ 
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